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I. INTRODUCTION AND SUMMARY 

The rock formations underlying the mantle of glacial drift which 

covers the region around Minneapolis have been studied and de- 
scribed in detail by N. H. Winchell,' Warren Upham," C. W. Hall,3 
F. W. Sardeson,4 C. P. Berkey,s and others. The character of the 
surface of this buried rock floor has been known only in a general 

way as revealed by local post-glacial erosion and, in part, by the 
present surface topography. The definite relations of this buried 

topography to the present one; the undulations of its surface; and 
the depth and courses of the buried river channels have been known 

only at scattered points where data have become available through 
occasional well borings or other artificial or natural excavations. 

In the investigations herein described an attempt has been made: 
(i) to show in detail, so far as available data will justify, the exact 
nature of the surface of the bed rock; (2) to determine the depth 

' Final Report Geol. and Nat. Hist. Survey of Minn. 

2 Ibid. 

3 "Geology and Underground Waters of Southern Minnesota": Water Supply 
Paper, U.S. Geol. Survey No. 256. 

4 "Galena Series," Bull. Geol. Society of America, XVIII (1907), 179-94. 

s "Paleography of Saint Peter Time," ibid., XVII (1906), 229-50. 
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PRE-GLACIAL RIVER VALLEYS OF MINNEAPOLIS 445 

of the drift at all points within the city of Minneapolis; and (3) to 
trace the courses of the glacial and pre-glacial river channels, now 
filled with glacial debris, throughout the city. The results of these 
investigations are shown on the topographic map on which surface 
and solid rock is contoured and in the series of geologic structure 
sections which accompany this paper and to which frequent refer- 
ence will be made in the following discussion. 

The results show the following essential facts. In pre-glacial 
time the region around Minneapolis was dissected by a large river 
(referred to tentatively as the pre-glacial Mississippi) and its tribu- 
taries, which cut deep valleys into the rock. At a later time, dur- 
ing the Glacial period, the surface of the rock included in the areas 
between these old stream valleys was also deeply eroded by ice 
gouging and planation. While the effect of this glacial erosion was 
to produce a generally flat rock surface above the valleys, there 
were numerous irregularities of surface developed, many of which 
have never before been accurately delineated. The ancient valleys 
became filled with glacial d6bris which was brought down by the 
ice and left behind as a thick mantle covering the entire region when 
the ice sheet receded to the north. Not only were the old valleys 
choked up with glacial drift, but the entire rock surface was buried. 
The depth of this drift has been determined at as many points in the 
city as possible and has been found to vary from o to 250 feet. It 
is thickest in the old buried valleys and thinnest where post-glacial 
erosion has been active. The depth, width, and courses of the old 
buried valleys have been determined and are shown in contour on 
the accompanying map which gives a picture of the buried rock sur- 
face throughout the city. In constructing the map (Fig. I), the 
surface topography has been superimposed upon this buried topog- 
raphy so that the depth to bedrock at any point may be readily deter- 
mined from the map by taking the difference between the elevations 
shown by the surface contours (solid lines) and the bedrock contours 
(broken lines). The large depression which is the site of Powder- 
horn Lake was found to be due to the head of a small buried valley 
in this locality. Five secondary valleys which were tributary to the 
main buried river valley have been traced. These are shown on the 
map. Finally, it has been shown that the position of these buried 
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FIG. I 

446 



PRE-GLACIAL RIVER VALLEYS OF MINNEAPOLIS 447 

valleys should be a controlling factor in the choice of types of foun- 
dations for large buildings or other structures erected within the zone. 

The data used in constructing the map and sections have been 
obtained from many sources, but chiefly from records of excavations 
for sewers and water mains and from hundreds of well records sup- 
plied by the well drillers operating in the vicinity of Minneapolis. 
The surface topography is partly taken from the topographic maps 
of the United States Geological Survey covering the region around 
Minneapolis and St. Paul, and partly compiled from elevations 
supplied by the city engineer, and from field work done in the spring 
of 1914. 

The writer desires to express his thanks to all those who have 
given assistance in gathering data for this paper. Special acknowl- 
edgment is made to City Engineer F. W. Cappelen, Dr. F. W. 
Sardeson, and to the engineers in the Sewer and Water departments 
of the City Engineer's office; to Mr. A. C. Godward, engineer for 
the Minneapolis Board of Park Commissioners; Mr. James G. 
Houghton, city building inspector; Mr. J. F. McCarthy, Mr. E. F. 
McCarthy, the S. Swenson Artesian Well Co., and Mr. Max Renner. 

II. ROCK FORMATIONS BENEATH THE DRIFT 

The rock formations existing in the vicinity of Minneapolis, with 
the relative position, thickness, and characteristics of each, are 
shown in Table I. 

Only four of the formations given in the table may constitute 
the rock surface immediately beneath the glacial drift in Minne- 
apolis. These are (I) the Decorah shale; (2) Platteville limestone; 

(3) St. Peter sandstone; and (4) Oneota dolomite. The existence 
of the latter in direct contact with the drift has been determined 
at only two or three localities within the city limits, where deep 
wells have penetrated the drift. The localities have been found to 
lie over the deepest part of the main buried river channel, as shown 
by the deep well records. Therefore it seems probable that the 
pre-glacial Mississippi had cut entirely through the overlying for- 
mations and flowed upon a rock bed of Oneota dolomite from a 
point near the mouth of Bassett Creek in North Minneapolis south- 
ward to the city limits and beyond. 
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All four of the formations, each of which constitutes the first 
rock beneath the drift at different places, originally extended over 
the entire area of the city and far beyond. Before pre-glacial 
valleys were carved the rock now topmost was continuous over all 
others. The amount of this surface erosion has been greatest along 

TABLE I 

GENERAL GEOLOGIC SECTION FOR MINNEAPOLIS 

Approximate 
Era 

System and 
Formation Character of Strata Maximum Series Thickness 

Cenozoic Pleistocene Glacial drift Bowlder clay, sand, 175 feet 
gravel clay, alluvium, 
etc. 

Decorah shale Green limey shale 35 
Platteville lime- Blue to gray thin- 25-35 

stone bedded limestone 
St. Peter sand- White or yellow fine- 175 

stone grained sandstone 
Ordovician with some shale 

Shakopee dolo- Yellow, buff, or pink do- 70 
mite lomitic limestone 

New Richmond White sandstone 40 
sandstone 

Oneota dolomite Buff to reddish dolomite Ioo 
Paleozoic 

Jordan sandstone Coarse-grained white 8o-100oo 
sandstone 

Cambrian St. Lawrence for- Dolomite, shale, and a 200 (?) 
mation little sandstone 

Dresback sand- Fine-grained white 250 
stone sandstone, shaley to- 

ward base 

Proterozoic Algonkian Red Clastic Red sandstone and shale o- ? 
Series and some volcanic 

rocks 

Archean Archean Granite Granite and gneiss 

the courses of the old abandoned river channel and its tributaries. 
These ancient streams had cut entirely through the Decorah shale, 
Platteville limestone, and well into the St. Peter sandstone through- 
out their courses, and, as explained above, the trunk channel was 
so deeply eroded as to expose the Oneota in its bed along the lower 
portion of its course through the city. 
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This erosion was not confined to the pre-glacial streams but 
was, in a smaller degree, effective over the entire area. The 
Decorah shale, which is a persistent formation in Goodhue, Olm- 
sted, Rice and other counties in southern Minnesota, has been 
almost completely eroded from the area included in the map. Only 
small isolated areas remain, capping some of the higher points in 
the south central and southeastern parts of the city and especially 
along the banks of the present channel of the Mississippi from the 
University campus southward to Minnehaha Creek. 

Not only has pre-glacial and glacial erosion removed most of the 
shale from the area, but the limestone is also more or less eroded at 
all points within the city and completely removed from much of 
the northern part of Minneapolis, especially the northwestern por- 
tion along the area drained by Shingle Creek. Nevertheless, the 
Platteville limestone is the principal rock formation immediately 
below the drift and covers by far the greater part of the area within 
Minneapolis. This limestone is absent only along the stream 
channels, in the northwestern part of the area, and in a few scat- 
tered areas in north Minneapolis where erosion has reached the 
underlying sandstone. The distribution and relations of the forma- 
tions within the city of Minneapolis may be seen on the map and 
sections accompanying this paper. 

III. THE SURFACE OF THE BURIED ROCK 

It will be seen from an inspection of the sections (Figs. 2 and 3) 
that the rock surface beneath the drift is generally nearly flat. 
The only notable features of relief are found along the old river 
channels which have been eroded to an average depth of 200 to 
250 feet below the rock surface of the intervening upland plain. 
There are, however, numerous minor irregularities of surface due 
to the unequal erosion by the ice. The dip of the rocks is so flat 
as not to be noticeable to the eye except along the north edge of 
the city, where there is a low dip. Owing to the scarcity of out- 
crops this dip is only evident when the elevations of the top of the 
rock are compared to those in the central and southern part of the 
city. The top of the limestone along the south edge of Minneapolis 
stands at an elevation of about 790 to 800 feet above sea-level, 
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depending upon the amount of erosion which has occurred. In the 
extreme north edge of the city, in an old quarry about 3,400 feet 
east of the river, the top of the limestone is about 900 feet above 
the sea. About a quarter of a mile east of this quarry, underlying 
the Columbia Heights district, the limestone surface reaches its 
maximum elevation for the area, about 920 feet. This shows a 
rise of from loo to 130 feet in a distance of about 8} miles. Most 
of the rise, however, is in the northernmost two miles, where the 

STRUCTURE SHEET 

Legend 

FIG. 2 

dip steepens appreciably. The dip in the south half of the city is 
practically negligible. The elevation of the sandstone is corre- 
spondingly higher in the northern portion of the area, although the 
rise is not quite as great as in the case of the limestone, owing to 
the fact that the limestone is several feet thicker in the Columbia 
Heights district than in the south central portion of the city, where 
erosion has removed the upper layers. There are several minor 
undulations in the strata between the north and south city limits, 
but these are so slight as to be unimportant. 

The generally flat surface of this limestone plain, back from the 
buried river gorges, is broken here and there by small hillocks. 
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These may be capped by a few feet of Decorah shale, which repre- 
sent remnants of erosion. There are also 
several depressions or basins, probably 
gouged out by ice scouring, which, in 
several instances, are deep enough to 
extend through the limestone into the 
underlying sandstone. Another expla- 
nation for these basins is that they repre- 
sent sink holes caused by the caving of 
the limestone over solution cavities pro- 
duced in the underlying strata by ground 
waters. There is one cave about half a 
block long at Second Avenue South, 
between Fourth and Fifth streets, in the 
downtown district. This has not re- 
sulted in any noticeable surface de- 
pression, but in order to avoid such a 
possibility in the future, which might 
prove disastrous to buildings in the 
vicinity, it has been thoroughly walled 
up with concrete supports. This cave 
was due to mechanical action rather 
than to solution. The cavity occurs at 
the contact between the limestone and 
sandstone, but lies entirely within the 
sandstone. It is clearly due to the 
action of the ground water which has 

washed away the somewhat loosely con- 
solidated sand at the contact, where the 
ground water tends to accumulate be- 
neath an impervious bed of shale which 
separates the sandstone from the over- 
lying limestone. This locality is only 
a few blocks from the river gorge along 
the sides of which the ground water 
comes to the surface. The production 
of open cavities or channels in the sandstone by circulating ground 



E. K. SOPER 

water was also observed in driving the tunnels through the sand 
rock on the University campus for the new heating plant. In the 
course of this work a fissure in the sandstone was encountered 
through which a large stream of water issued and temporarily 
flooded the tunnel. With this indisputable evidence of the occur- 
rence of cavities in the rock below the surface, it is entirely possible 
that certain of the depressions in the limestone surface, as shown 
by excavations through the drift, may be due to the slumping of 
the limestone over similar cavities. 

IV. RELATIONS OF THE BURIED ROCK SURFACE TO THE EXISTING 

DRIFT SURFACE 

The major features of the present topography of the surface of 
the ground throughout the city of Minneapolis are in general inde- 
pendent of the underlying rock, and this is what one might expect 
in a region so heavily glaciated. There are, however, certain rela- 
tions between the present surface and the buried topography which 
are suggestive and which, when understood, can be used to advan- 
tage in interpreting the character of the buried surface. The 
localities where there is an evident relation between the two sur- 
faces are along the buried river channels. These old stream courses, 
which have been filled with debris to a depth of 200 to 250 feet, may 
still be roughly traced across the city by a series of depressions or 
low areas in the drift, some of which are now the sites of lakes. 
These depressions do not form a continuous and unbroken course 
in the present drift, for occasionally the independence of the glacial 
topography is manifested by abrupt morainal hills extending across 
the chain of depressed areas. An inspection of the accompanying 
map will show that nearly every natural lake within the city lies in 
the course of some buried stream. Not only are these pre-glacial 
channels indicated by a chain of lakes and shallow basins, but the 
general depression of the drift over the old stream beds has, at 
several places, resulted in determining the direction of the present 
surface drainage. Bassett's Creek and Minnehaha Creek both flow, 
for at least parts of their courses, directly over much larger drift- 
filled channels (see Fig. i). Even the present channel of the Missis- 
sippi River, north of the mouth of Basset's Creek, to the city limits 

452 



PRE-GLACIAL RIVER VALLEYS OF MINNEAPOLIS 453 

and beyond, is superimposed upon the buried gorge of the pre- 
glacial river. Over the greater portion of the city, however, there 
is no suggestion in the surface topography of the irregularities in 
the buried rock surface. The topography of the existing surface is 
typically glacial in its character, and, although the maximum relief 
is not as great as in the case of the underlying rock surface, yet the 
general relief is seen to be stronger than that of the underlying rock 
surface, if we do not consider the old buried gorges. The lowest 
point on the surface within the city is at the bottom of the Missis- 
sippi River just below the mouth of Minnehaha Creek, in the 
extreme southeastern corner of the city, where the elevation is about 
690 feet above sea-level. The highest points are along the ridge of 
morainal hills in the northeastern part of the city from Columbia 
Heights to a point about one-fourth mile southeast of Hillside 
Cemetery, where there are several points which attain an altitude 
of 965 feet, or thereabouts. This gives a maximum surface relief 
of about 275 feet. The lowest point accurately known on the sur- 
face of the bedrock was determined from the record of a well at the 
Bath House on the north shore of Lake Calhoun where the surface 
of the rock was encountered at an elevation of 619 feet. The highest 
point attained by the rock is in the Columbia Heights district where 
the top of the shale stands at about 930 feet. This gives a maxi- 
mum relief of 311 feet for the rock surface, which is 36 feet greater 
than the relief of the existing drift surface. 

There are probably two factors which are mainly responsible 
for the superimposed drainage system of this region and the general 
occurrence of low areas along the courses of the buried river valleys. 
Perhaps the most important one is the great depth to which these 
old gorges had been eroded. During the process of filling these 
valleys with glacial debris it may be that the amount of material 
available was not always quite equal to the amount required to fill 
them level with the tops of the banks at all points. This would 
result in slight depressions at intervals along the courses of the 
former streams. Another important factor is probably the settling 
of this newly deposited and loosely consolidated material. This 
settling would result from the saturation of the mass by ground 
water or from the gradual packing of the filling under its own 
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weight. In either case the shrinkage in a mass 200 to 250 feet 
thick might be sufficient to produce low undrained areas on the 
surface. Where these areas of depression are shallow and unim- 
portant, settling could account for their existence. Where the sur- 
face basins are large and deep, as in the areas occupied by Lake 
Calhoun, Lake Harriet, Lake Nokomis, and that portion of the 
Mississippi River gorge north of the mouth of Bassett's Creek, 
their origin may be due to the incomplete filling of the pre-glacial 
gorge. 

Because of the relatively even erosion over the flat areas between 
the pre-glacial valleys, there are few prominent peaks or high 
points of rock beneath the drift, and hence few outcrops are to be 
found in the city. The principal rock exposures are found along 
the post-glacial valley of the Mississippi from St. Anthony Falls to 
Fort Snelling and along the gorge of Minnehaha Creek, which is also 
post-glacial in age, from its mouth to Minnehaha Falls. Also at a 
few localities in North Minneapolis, where the drift is relatively 
thin, post-glacial erosion or artificial excavation has exposed the 
bed rock. There are also a few exposures near water-level on 
Nicollet Island and northward along the river to the mouth of 
Bassett's Creek. 

V. THE BURIED RIVER CHANNELS 

The history of the buried river channels of Minneapolis and 
vicinity, with an account of the origin and recession of St. Anthony 
Falls, has been worked out by N. H. Winchell,' U. S. Grant,2 F. W. 
Sardeson,3 and others. The general course of the main pre-glacial 
channel of the river across Minneapolis has been known for many. 
years, but there has been no attempt to determine accurately the 
boundaries of the river and its tributaries and to construct a topo- 
graphic map of the old rock surface beneath the drift that would 

'Geol. Survey of Minn., Fifth Annual Report (1877), 175; also Final Report, II 
(1888), 313. 

2 "An Account of a Deserted Gorge of the Mississippi River near Minnehaha 

Falls," American Geologist, V (1890), i. 

3 "The Beginning and Recession of St. Anthony Falls," Bull. Geol. Society of 
America, XIX (1908), 29-52. 
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show the depth and width of these buried gorges through- 
out their courses. The lack of data in former years made it 
impossible to construct such a map with any degree of accuracy. 
During the last decade, however, much additional data have been 
made available, especially at critical localities, through the sinking 
of wells and the construction of sewer tunnels and ditches and 
other excavations, so that it has become possible to show in some 
detail the character of the old drainage system. As will be seen 
from a study of the topographic map, the limestone which imme- 
diately underlies the drift over most of the city has been cut into 
six segments by pre-glacial stream erosion, and had St. Anthony 
Falls cut its way about one mile farther up the Mississippi to the 
mouth of Bassett's Creek before its progress was arrested by arti- 
ficial means,' there would have been seven separate areas of lime- 
stone instead of six. 

The present river follows the ancient course, which it has par- 
tially re-excavated, from a point beyond the north city limits to the 
mouth of Bassett's Creek in the north central part of the city. At 
this point the river leaves its pre-glacial channel, turns to the east, 
and flows southeastward through a young narrow gorge to Fort 
Snelling, at which point it is joined by the Minnesota River which 
flows into it from the south. As the map shows, the ancient river 
valley continued southward from the point where Bassett's Creek 
now has its outlet and flowed in a broad valley with gradually slop- 
ing banks southward across the region now occupied by the chain 
of lakes which comprises Lake of the Isles, Lake Calhoun, and Lake 
Harriet. At Bryn Mawr Meadows a tributary stream joined the 
river from the northwest, and its buried channel is now the course 
of Bassett's Creek between Glenwood Lake and Bryn Mawr 
Meadows. Glenwood Lake also lies within this tributary valley. 
A second tributary stream joined the main river from the west, just 
opposite Lake of the Isles. The presence of a buried valley east of 
this point is suggested by a series of basin-like depressions, one of 
which is the site of Cedar Lake. The existence of a third tributary 
valley opposite the south end of Lake Calhoun is indicated by well 

'A protecting apron of timber was built over the rock at the point of fall to pro- 
tect the rock from further erosion, which threatened to destroy the falls. 
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records. This valley also joins the main valley from the west, but 
there is little evidence of its existence in the present surface topog- 

raphy, which consists of low hills of drift and completely obliterates 
any underlying channel. 

The pre-glacial river flowed almost due south from Lake Harriet, 
but no attempt has been made to outline its exact course beyond the 
city limits. In a general way this course can be traced for about 
five miles south of Minneapolis through Grass Lake, Wood Lake, 
and numerous small lakes and ponds to its junction with the Minne- 
sota River valley somewhere east of the village of Bloomington. 

An important tributary valley had its confluence with the main 
valley just south of Lake Harriet, at which point it entered from 
the east. Evidence of this buried valley may be seen in the present 
topography, especially along Minnehaha Creek, which follows the 
course of the ancient channel, between Lake Harriet and Lake 
Nokomis. At the latter point the old valley turns sharply to the 
south. 

At Powderhorn Lake a small valley heads and flows southward 
to Rice Lake where it joins the tributary just described. This 
region around Powderhorn Lake is particularly interesting in this 
connection, for it has usually been considered to be a large Kettle 
hole. 

North of the mouth of Bassett's Creek the Mississippi River 
flows over the same course that was formerly occupied in pre- 
glacial time. The old channel has been almost filled with sediments 
and drift so that the present stream bed, which consists of glacial 
debris and recent clays and silts, lies in this region at an elevation 
of at least 160 feet above the bottom of the buried valley. At a 
point about half way between the mouth of Bassett's Creek and 
the north city limits, along the river between Twenty-sixth Avenue 
North and Thirty-first Avenue North, a large tributary valley 
joined the pre-glacial river. This buried valley follows a course 
indicated in the present topography by a low swampy zone extend- 
ing northeastward from the river through Sandy Lake (now dry) 
across Columbia Park, and beyond the city to Silver Lake. The 
exact course of the valley north of Silver Lake has not been deter- 
mined. 
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The character of the material filling the ancient gorge in the 
north part of the city between the mouth of Bassett's Creek and the 
north city limits is strikingly different from that which constitutes 
the valley filling at all other points in the course of the main gorge 
and its tributaries. Along this particular portion of the river 
course the old valley is filled with fine laminated clays and silts 
instead of the heterogeneous drift which characterizes the filling at 
other places. The upper portions of these clay beds have been used 
for many years in the manufacture of brick and tile. These fine 
silts seem to extend from the bed of the present river (which at this 
place flows directly over the pre-glacial gorge) down to the bottom 
of the buried valley, a distance of about i60 feet. These silts also 
are found back from the main channel, where they cover many acres 
along the flats on both sides of the river. Their thickness is much 
less, however, away from the river. 

This sudden change in the nature of the material filling the old 
valley, the suggestive laminated structure of the upper portion of 
the deposit, the variation in thickness of the material, and its occur- 
rence back from the river channel, along the flood plain of the river, 
are all evidences which point to an original deposition in a lake. 
The change from gravel and drift to clay and silt occurs immediately 
above the point where the present river abandons the pre-glacial 
course. It seems probable that at a late stage in the recession of 
the ice a moraine or dam was formed across the old gorge near the 
mouth of Bassett's Creek. This resulted in the formation of a tem- 
porary lake which filled the river valley, overflowed the banks, and 
spread over the low land which flanked the valley on both sides. In 
this lake the fine clays and silts could be deposited. Eventually an 
outlet was formed for the impounded waters at the point where the 
present river diverges from the filled gorge. After the outlet was 
once established the erosion of the new post-glacial gorge was 
started. But deposition of fine sediments could continue for a long 
time after the new gorge was started, because the lake would still 
remain and the current would continue to be slackened to the point 
where clays and slits could accumulate. The boundaries of this 
lake have not been traced north of the city limits, but it is probable 
that it extended a considerable distance beyond them. 
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VI. THE DRIFT 

The glacial drift which was spread over the land upon the 
retreat of the ice, and which covers the rock surface throughout the 
city, is variable in its composition. It ranges from typical bowlder 
clay, which consists of a heterogeneous mixture of clay, sand, gravel, 
and bowlders, to sorted deposits of fine sand or clayey loam. Most 
of the drift consists of a mixture of clay, sand, and bowlders of all 
sizes. Where the sand in the drift is free from clay and gravel, it 
may have been deposited in two ways: either it represents a wind- 
blown deposit and originated as sand dunes, or it is a flood-plain 
deposit, washed up by glacial streams and sorted by water action. 
The only place in the city where clay occurs in large quantity free 
from pebbles or bowlders is along the banks of the Mississippi River 
north of the mouth of Shingle Creek. These clay beds probably 
represent lake and river deposits rather than accumulations due to 
glacial action. They are indirectly the product of glacial action, 
since they were deposited during the Glacial stage of the river. 

Since the surface of the drift constitutes the surface of the land, 
except where it has been covered by post-glacial deposits of allu- 
vium, sand, or loess of slight thickness, it controls the topography 
of the region. Therefore, what has been said concerning the charac- 
teristics of the topography of the city will apply also to the drift. 

The thickness of the drift is variable and ranges from o to 250 
feet. As shown by the scarcity of outcrops (see map) the drift is 
present nearly everywhere except along the river bluffs. The 
localities where it is thinnest are those which border the rock out- 
crops. In north Minneapolis there is an area bounded by Central 
Avenue on the south and east, Twenty-third Avenue on the north, 
and Main Street on the west, where the drift is thin, ranging from 
o to 15 or 20 feet. Throughout the greater part of South Minne- 
apolis, in the large area bounded by the Mississippi River on the 
east and north, the pre-glacial Mississippi River valley on the west, 
and Minnehaha Creek on the south, the thickness of the drift is very 
uniform. The average depth over most of this area is from 30 to 
50 feet, the greatest thickness being in the southern portion. Both 
the surface of the drift and the surface of the underlying limestone 
are generally flat over this region. The only noteworthy breaks in 

458 



PRE-GLACIAL RIVER VALLEYS OF MINNEAPOLIS 459 

the otherwise almost flat surface are at Powderhorn Lake, where a 
small buried valley heads, and at Lowry Hill and the region around 
Loring Park, where a belt of low morainal hills extends from the 
west across the edge of the area and breaks the monotony of the 
surface. 

In some portions of the city, especially in Southeast Minneapolis, 
in the vicinity of the University and northeastward to the city 
limits, there is a bed of peat several feet thick which occurs only a 
few feet below the surface. This peat bed rests upon drift largely 
composed of sand, clay, or gravel, or a mixture of the three, and is 
covered by recent deposits of sand or soil which are of post-glacial 
or glacial origin. 

In East Minneapolis, near Tower Hill in the Prospect Park dis- 
trict, deposits of loess, a formation of loamy material of aeolian 
origin, occur at the surface. Therefore, it is apparent that while 
the retreating ice left a mantle of drift over the entire region, the 
surface of this drift has been slightly modified by post-glacial 
deposition. These deposits of sand, silt, and other material were 
chiefly laid down as flood-plain deposits in the streams and marshes 
fed by waters from the melting ice. A small amount of post- 
glacial erosion has also operated to modify the original drift surface, 
but this has been unimportant except along the channel of the river 
and its tributaries. 

The origin, composition, and character of different drift deposits 
and their modification by post-glacial agencies have all been 
described in detail in reports by N. H. Winchell,' Warren Upham, 
F. W. Sardeson,3 and F. F. Grout and E. K. Soper.4 

VII. INFLUENCE OF BURIED RIVER CHANNELS UPON BUILDING 

CONSTRUCTION 

In those portions of the city which are underlain by the buried 
valleys and in other parts of the city where the drift is deep, it is 
impracticable to carry excavations to bedrock for building founda- 
tions and cellars. For the ordinary small store or residence, or for 

' Final Report Minn. Geol. and Nat. Hist. Survey. 2 Ibid. 

3 "Geology of the Twin Cities," Minneapolis and St. Paul Folio, U.S. Geol. 
Survey. Now in press (1914). 

4 Grout and Soper, "The Clays and Shales of Minnesota," Bull. No. II, Minne- 
sota Geological Survey, chapter on Hennepin County (1914). 
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light buildings of any description, it is not necessary to have a 
perfectly rigid foundation. The drift throughout Minneapolis is 
usually fairly solid at moderate depths below the surface and is 
quite safe for foundations for buildings of average size. But in the 
regions along the courses of the buried river valleys, where the drift 
may be from ioo to 250 feet deep, areas of loose sand which often 
has a tendency to run are frequently encountered. In such 
localities it has been found necessary to use piling in constructing 
foundations for large buildings. 

The main business section of the city lies back from the buried 
valley and in the downtown district the average distance to bed- 
rock is only 25 to 30 feet. The rock in this locality consists of lime- 
stone or hard shale and can easily be reached if necessary in building 
operations. For this reason it has been necessary to use piling in 
the construction of only a few buildings in the city. Should the 
zone of large buildings north of Hennepin Avenue be extended in 
the future a few blocks farther west beyond the Great Northern 
Railroad tracks, it will be found necessary to use piling, caissons, 
or some type of foundation adapted to soft ground, for many if not 
all of the large structures. The side of the buried valley in this 
vicinity drops off rapidly, so that points along the present channel 
of Bassett's Creek overlie the very bottom of the old valley nearly 
200 feet below. Much of the material filling the old gorge in this 
vicinity is loose sand. At all points in the city, except those along 
the sides and courses of the buried valleys, the foundations are 
generally good. 
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